Purpose. To review the outcomes of 102 consecutive patients who underwent fixation for nonunion of extremities. Methods. Medical records of 71 men and 31 women aged 16 to 82 (mean, 45; standard deviation [SD], 19) years who underwent fixation for nonunion of the upper (n=31) and lower (n=71) extremities were reviewed. The nonunion types included oligotrophic (n=47), hypertrophic (n=22), atrophic (n=17), defect (n=12), and comminuted (n=4). 13 of the nonunions were infected. 10 patients had concomitant injuries of the brain (n=2), abdomen (n=5), chest (n=1), and spine (n=2). 43 patients were smokers, and 19 had diabetes mellitus. 80 patients had had previous surgery, and 3 had undergone previous radiotherapy. The mean time from injury to nonunion surgery was 19 (SD, 25.6; range, months. Outcome measures included bone union, ability to return to original work, pain, gait, and loss of range of motion. Results. The mean follow-up period was 26.6 (SD,
19.9; range, 8-121) months. 100 patients achieved bone union. 83 of them achieved bone union after a single surgery in a mean of 5.6 (SD, 2.9) months. The remaining 17 patients underwent multiple surgeries, 13 of whom had infected nonunions. Two patients did not achieve bone union. Of 64 patients who had work, 47 returned to their original work and 17 did not. Outcome was unsatisfactory in 5 patients who had persistent pain and/or no improvement in gait. Conclusion. Bone union is not necessarily associated with adequate recovery of function.
patients are disabled until bone union is achieved. 4 Patients' quality of life and activities of daily living are disturbed. [5] [6] [7] [8] [9] [10] [11] This study reviewed the outcomes of 102 consecutive patients who underwent fixation for nonunion of extremities.
MATERIALS AND METHODS
The ethics committee of our hospital approved this study. Medical records of 71 men and 31 women aged 16 to 82 (mean, 45; standard deviation [SD], 19) years who underwent fixation for nonunion of the upper (n=31) and lower (n=71) extremities between March 1999 and May 2012 were reviewed. The nonunion sites included the clavicle (n=9), humerus (n=14), ulna (n=5), radius (n=1), both ulna and radius (n=2), femur (n=31), tibia (n=37), and fibula (n=3). The nonunion types included oligotrophic (n=47), hypertrophic (n=22), atrophic (n=17), defect (n=12), and comminuted (n=4).
12,13 13 of the nonunions (5 femurs, 7 tibias, and 1 ulna) were infected and treated in 2 stages. 10 patients had concomitant injuries of the brain (n=2), abdomen (n=5), chest (n=1), and spine (n=2). 43 patients were smokers, and 19 had diabetes mellitus. 80 patients had had previous surgery, and 3 had undergone previous radiotherapy. The mean duration from injury to nonunion surgery was 19 (SD, 25.6; range, 6-180) months.
Fixation methods included fixation with autologous bone grafting (n=78), fixation revision (n=8), autologous bone grafting without fixation revision (n=7), en bloc resection of the infected bone at the first stage and reconstruction using bone lengthening at the second stage (n=2), and transplantation of peripheral blood CD34-positive cells 14 and autologous bone grafting (n=7). Bone substitute or bone morphogenetic protein was not used.
Outcome measures included bone union, ability to return to original work, pain, gait, and loss of range of motion (ROM) in the 2 adjacent joints. Bone union was defined as full weight-bearing and absence of tenderness at the fracture site on palpation 15, 16 and bone bridge formation of more than 3/4 of the cortex. 16, 17 According to the Japanese Orthopaedic Association (JOA) hip score, 18 the score range is 0 to 40 for pain and 0 to 20 for gait (for lower-extremity nonunion only); higher scores indicate less pain and better gait. For 13 patients older than 65 years, gait was additionally assessed using the Parker mobility score (range, 0-9). 19 Patients with upper-versus lower-extremity nonunion were compared using the Pearson Chisquared test or the Mann-Whitney U test. The preoperative and latest follow-up scores of pain and gait were compared using the Wilcoxon signed-rank test. A p value of <0.05 was considered statistically significant.
results
The mean follow-up period was 26.6 (SD, 19.9; range, 8-121) months. 100 patients achieved bone union. 83 of them achieved bone union after a single surgery in a mean of 5.6 (SD, 2.9) months; the time to bone union did not differ significantly in patients with upper-versus lower-extremity nonunion (5.2±2.5 vs. 5.8±3.0 months). The remaining 17 patients underwent multiple surgeries, 13 of whom had infected nonunion. Two patients did not achieve bone union. One patient was a 66-year-old female smoker with a post-irradiation proximal femoral nonunion who developed infection after multiple nonunion surgeries. The other patient was a 72-year-old man with a distal humeral infected nonunion who had diabetes mellitus, chronic heart failure, ischaemic heart disease, alcohol abuse, and heavy smoking habit. The patient refused revision surgery owing to his advanced age.
Of 64 patients who had work, 47 returned to their original work and 17 did not. Respectively for patients with upper-and lower-extremity nonunion, 69% (11/16) and 75% (36/48) returned to their original work (p=0.624) after 3.2±2.0 and 10.2±6.9 months (p=0.001, Table 1 ).
In 99 patients, the mean pain score improved from 16.3 (SD, 8.9) to 32.5 (SD, 10.3) [p<0.001]; the pain scores were unknown for 3 patients with lowerextremity nonunion. Respectively for patients with upper-and lower-extremity nonunion, 77% (24/31) and 66% (45/68) were free from pain (p=0.259, Table  1 ).
In 71 patients with lower-extremity nonunion, the mean gait score improved from 6.3 (SD, 4.2) to 14.8 (SD, 5.9) [p<0.001]. For 13 patients older than 65 years, the mean Parker mobility score improved from 3.3 (SD, 1.5) to 5.8 (SD, 2.1) [p=0.005].
Respectively for patients with upper-and lowerextremity nonunion, 32% (10/31) and 24% (17/71) had loss of ROM (<80% of normal) in the 2 adjacent joints (p=0.381, Table 1 ). Respectively for infected and uninfected lower-extremity nonunion, 50% (6/12) and 14% (8/56) had loss of ROM (<80% of normal) in the 2 adjacent joints (p=0.005, Table 2) Outcome was unsatisfactory in 5 patients who had persistent pain and/or no improvement in gait, owing to infection and nonunion (n=2), concomitant spinal injury (n=2), and complex regional pain syndrome (n=1).
discussion
Pain and fracture healing status after nonunion surgery affect the quality of life of patients. 5, 6 Patients with septic nonunion of the tibia have worse quality of life than age-matched controls. 7 In elderly patients with humeral nonunion, bone union enables the recovery of activities of daily living. 8, 9 Respectively for elderly patients with tibial nonunion 10 and distal humeral infected nonunion, 11 the postoperative increase in quality-adjusted life years per patient were 5.3 and 3.8.
In our study, patients with lower-extremity nonunion required a longer time to return to their original work. Patients' ability to return to their original work may have depended on recovery of gait (walking ability). The goals of treatment for nonunion should therefore be both bone union and function recovery. The use of biological grafts and improvement in fixation enable faster union and thus earlier physical therapy. Early treatment before occurrence of joint contracture and muscle weakness is also important for recovery.
Regarding the limitations of this study, the ability to return to original work could have been influenced by many factors (including psychological factors). More detailed patient-based assessment tools for quality of life and activities of daily living such as the Short Form-36, 20 American Academy of Orthopaedic Surgeons Lower Limb Core Scale, 21 and Disabilities of the Arm, Shoulder, and Hand questionnaire should have been used. 
